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Seventeen water samples were collected from October 12 to 
December 15, at a single location on the Olentangy River, at inter-
vals of approximately one sample every four days. 
These samples were analyzed for their content of the elements, 
Ca, Mg, K, Sr, Cd, Mn and Zn, by Atomic Absorption methods. 
Discharge and temperature conditions were also monitored over 
this period of time. 
The concern of this report was to understand the manner in which 
the metal ions, in the water samples, varied, rather than the em-
pirical amounts of metal concentration, or of where the metal concen-
tration stand in view of government pollution standards. 
Evaluation of the data followed the analysis of the samples. A 
correspondence between concentration and discharge-produced a~inverse 
relationship, where by metal concentration would decrease as dis-
charge increased. Correspondence between concentration and temperature 
revealed a weakly supported direct relationship where by, an increase 





The metallic constituents of river water and the manner in which 
variations of these constituents occur, are a concern of those in-
volved with public water suppies, hydrology and geochemistry. 
Variations of concentrations among the metallic constituents of 
river water are of special interest because of the potential adverse 
effects trace amounts of metals have upon the physiological well being 
of life. 
This project directs it's focus to the manner in which metallic 
constituents of river water vary over a given period of time. Water 
samples were gathered from a single location on the Olentangy River 
for the purpose of quantitatively analyzing for the metals, Ca, Mg, 
K, Sr, Cd, M~, and Zn. Water from the Olentangy River was selected 
for the subject of this paper, because of the river's close proxi-
mity to Ohio State University and because of the accessability to 
discharge information from the U.S.G.S. gaging station located up 
stream from Ohio State University near Worthington, Ohio. 
River conditions were also monitored over this period of time 
in hope of correlating relationships to explain the changes, or lack 
of changes in metal concentrations of the river water. 
The water samples were analyzed for both light metals (A]~ali 
and Alkaline Earth metals) and heavy metals (transition series) by 




The water samples were collected approximately every 4 days 
(4.125) over the period commencing on October 12 and ending on December 
15 J Jq7i. 
Temperature data was provided by the U.S.G.S. Although this data 
was acquired from a gaging station on the Scioto River, south of the 
junction of the Olentangy and Scioto Rivers, at Shadeville, Ohio, the 




Collection and treatment of samples 
Seventeen samples of Olentangy River water were collected during 
the period of October 12 to December 15. The foot-bridge over the 
Olentangy River, adjacent to the O.S.U. Drake Union, provided the site 
for sampling. A 250 ml. beaker, suspended by string and rubber bands 
was used to gather the water from a position above the middle of the 
channel. 
The beaker was lowered and submerged to a depth of about 1/2-1 
foot above the river bottom, then slowly reeled up. Part of this water 
was used to doubly rinse the polyethylene bottles, while the remaining 
contents of the beaker were poured into the rinsed bottle • 
A 20 ml. portion from each of the 17 samples was diluted with 
98 ml. of demineralized and doubly distilled water, and 2 ml. of dilute 
HN03 . These dilute samples were necessary to 
insure accurate measure-
ment of certain metals with fairly high concentrations. In atomic 
absorption, metal concentrations that are greater than an experi-
mentally calculated linear working range, are quantitatively exagger-
ated but can either be logarithmically recalculated, or the original 
samples can be diluted down to the confines of the linear working 
range. The latter method was chosen because of the simplicity of 
dilution and the luxury of an abundant amount of samples to work with. 
The very small amounts of HN03 (less than .8%) were added to 




The results of analysis of the dilute water samples were simply 
multiplied by a factor of 5 to compensate for the 5 fold dilution. 




Ste.. +10N'S . 





Atomic Absorption Spectrophotometry as an analytical technique 
was first introduced by Walsh in 1955. 
The basis of atomic absorption relies on the fact that atoms in 
an unexcited state will become excited when bombarded with a beam of 
light, of a prescribed wavelength, which is characteristic of the 
type of atom being analyzed. The excited state results from the ab-
sorption of some of the radiant energy by the atom itself. The amount 
of radiation absorbed is proportional to the number of atoms of the 
particular element present. 
Volborth (1969) designates the essential parts of an Atomic 
Absorption Spectrophotometer to be the hollow cathode lamp, an atom-
izing system, a burner, a monochromator, and a photodetector. 
The hollow cathode lamp provides the source for the radiant 
energy. The sample is aspirated into the beam of light in the form 
of a flaming, acetylene - air - sample mixture. If the atoms, being 
searched for, are present in this mixture, they will respond to the 
radiant energy given off by the cathode lamp, by absorbing a small 
fraction of the light beam. 
The slightly diminished light will then enter the monochromator, 
which filters out any light other than that characteristic of the 
element being searched for. 
The quantitative aspects of this process are realized when the 




received. Standard, known amounts of the particular element being 
searched for, are introduced to this process in order to calibrate 
the electronic read-outs which otherwise would be meaningless. 
The particular atomic absorption spectrophotometer used for 
analysis in this project was a Perkin-Elmer model 303 (1970) which 
was accompanied by a Perkin-Elmer Digital Counter Readout (DCR). 
During operation, each sample was automatically tested 4 times, 
then averaged by the read-out instrument. Further information may 
be obtained from "Instructions, Model 303, atomic absorption Spectro-




Olentangy Drainage Basin an~ the 
General geology of area 
The Olentangy rises near Galion and flows at a low gradient for 
40 miles to the southwest. Five miles above Delaware, the river enters 
a narrow gorge with a 6 feet per mile gradient. The Olentangy con-
tinues to flow 25 miles to the south towards it's final junction with 
the Scioto River at Columbus. 
The Olentangy basin has an area of 536 square miles (Ohio Division 
of Water 1963). 
The bedrock of the drainage basin is nearly flat lying sedimentry 
rock dipping gently to the east • 
Bedrock of Devonian age outcrops over most of the basin. These 
rocks form the Columbus Limestone Fm., Delaware Limestone Fm., Olentangy 
Shale Fm., and Ohio Shale Fm., listed from oldest to youngest. 
The Mississippian age shales and sandstones crop out in the 
extreme eastern part of the drainage basin. The Mississippian Bedford 
Shale comformably overlies the Devonian Shales. The Bedford shale is 
itself overlain by the Berea sandstone..and shales, which are deltaic 
in origin. 
Table (1) on the following page describes the maximum thickness 
and the character of the rocks. 
The Columbus Limestone is the principle aquifer for farm and 







































































































































































































































































































































































































































































while the Ohio and Olentangy Shales contain little or no groundwater. 
The Berea Sandstones are the only Mississippian rocks which yield 
groundwater in the Olentangy basin (Schmidt 1958). 
An average of 50 feet of glacial till covers the bedrock. The 
till plains are almost flat to gently rolling. These unconsolidated 
deposits were brought down from the northwest during various Pleistocene 
glacial fluctuations. Other glacial deposits include end moraines, 
eskers, Karnes and outwash deposits. 
Recent Alluvium is also present in the drainage basin, but does 












































































































































































































































































acetylene flame: · I ean bl u -e 
Concentration of 5' 
standards (ppm): ;;;)., t) ; _LQ_; _,_ 
Noise suppression: ---=sJ.:.......,_ _ 
Slit setting: 3 
-----
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10-1?: 1.1n 1:-?2: I. '7 
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10-25: I. 5 S 12-1 l. '-I 5 
10-30: L\ 1?-5 I . '-/ 5 
1?-7 I. ;1 5 
11-6 : ).8 1?-10: J. IS 
11-1-S: c1.35 1?-1?: I. 4 5 
1 1-1 6: J. 9 1?-15: I· ;t 
1 1 -1 ~ : • '=,5 
10 
Color of air-
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Measurements recorded in parts per million. 
10-12: 55, 50 1 ·1-22: 5'i. 3 
10-18: 54, 55 11-2 6: 57. '-/ 
10-22: 5 '7 .3 
10-25: 5CJ. O 12-1 59. 75 
10-30: C:,cJ.15 12-5 51. 35 
12-7 . 55. 3 .. 
11-6 .. (o3. os 1?-10: 5~.0 .. 
11-1'3: (o 6 .05 12-1?: (oO. I 
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standards (ppm): ;1,0 :_LQ_: ,5' 
Noise suppression: d 
Slit setting: ~ 
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wavelenpth: ~;).9 UV 
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Complete .Discharge Record of Olentangy River 
Discharge record from Oct. 14 through Dec. 15. 
Data received, ,courtesy of u.s.G.S., Columbus, Ohio. 
Gaging station located near Worthington, Ohio. 
Discharge in cubic feet per second. 
JJate 1Jischarge Date Discharge 
10-14 !jq 11-15 q7 10-15 
~'7 11-16 '75 10-16 J6 11-17 '7~ 10-17 a~ 11-18 qo 10-18 3j 11-19 'lj 10-19 3G., 11-20 59 10-20 3~ 11-21 ~<j 10-21 ~3 11-22 s~ 10-22 33 11-23 "l 10-?"5 3j 11-24 ~1 10-?4 3 'l. 11-25 Sr"/ 10-25 3~ 11-26 SJ 10-?b 3'1 11-27 G..l 10-27 51 11-28 "3 10-28 ':! ~ 11-29 '7 </ 10-29 3 <a 11-30 /()-;;!_ 10-30 39 
10-31 jl 12-1 i~ 
~i 12-2 
5? 
11-1 12-3 ij_ r::, 11-2 ~~ 12-4 ~~q' 
·11-3 ~1 12-5 ~ / 'S 
11-4 31 12-6 I :;_q 
11-5 ~~ 12-7 I 17-11-6 t> ~ 12-8 3 C'o'l 
11-7 iO 12-9 ~05 
11-8 :J. 0 12-10 /79 
11-9 3 cj 12-11 8;l. 
11-10 3 f) 12- ·12 /0~ 
~1-11 3~ 
·12-1-; ~150 





Complete temperature rtecord 
Temperature record from Oct.12 through ~ec.15. 
Vata received, courtesy of u.s.G.8., Columbus, Ohio. 
Gaging station loc~tect on Scioto River, just after 
junction of Olentangy and Scioto Rivers, south of 
Columbus, at ~hadeville, Ohio. 
~~emperature measured in degrees centigrade. 
Temperature obtained by averaging max. and min. temp-
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Man's Influence: How to deal with it 
-- -- --- --- --
Metal elements in the environment are of two sources: those in-
herent in the bedrock and ground cover, and those contributed by man 
and his activities. 
This report unfortunately does not deal with the contributions 
of man, or at best, assumes that the metal ion contributions of man 
were introduced to the environment at a near constant rate. 
Because this report is mainly concerned with understanding the 
variations of metal concentrations, a near constant contribution of 
metal ions by man, would pose little problem in the evaluation of 
metal concentration data. 
The assumption that man's metal contribution proceeds at a near 
constant rate can be somewhat supported by establishing cause-effect 
relationships between river conditions and metal concentration. If 
natural (non-man) correspondences can be determined, then the influence 
of man can be negated or assumed to be dwarfed by the natural in-
fluences. If man's influence is not uniform, and of appropriate 
magnitu/de, then the correspondences between river conditions and metal 
concentrations may not be clear. 
Conclusions 
The assertion of a cause-effect relationship between metal con-
centrations and river conditions can best be made by dividing the metal 
ions into two groups: Heavy metals - Zn, Cd, Mn, and the Group I and 
II (Alkali and Alkaline earth) metals - Ca, Mg, K, Sr. 
Group.!_~.!_!_ Metals - Ca, Mg, K, Sr 
The relationship between these metal concentrations and tempera-
ture and discharge have been carefully plotted on graph paper in a 
previous section. 
An examination of the graphs which plot metal concentration 
against discharge show a general inverse relationship between discharge 
and metal concentration. As discharge increases, concentration tails 
off. 
The graphs do not exhibit strict adherence to this inverse relation-
ship. But the data does hold true for the most part. 
The reasons attributed for this condition is the diluting effect 
of additional flow in conjunction of what is termed "duration of pro-
cess". A subtle analogy to this situation can be drawn from a little 
known story about a Saturday afternoon grocery shopper who requests 
anonymous identity. 
Our shopper, while shopping uncrowded hours, can casually wheel 
her way down the isles of the grocery store, and gather her select 
items from the shelves. She can take all the time needed to accomplish 
' 
her shopping. She proceeds to the checkout counter, and her groceries 
are tallied. 
The following week, when she returns to the store for her weekly 
shopping, she is overwhelmed by the amount of people who are also doing 
their weekly shopping. She scampers for a cart and then enters the 
flow of shoppers who proceed up and then down the isles at a brisk 
pace. As she is forced to move with the crowd through the isles, she 
is sometimes unable to grab her weekly items off the shelves. Some-
times her usual items have been depleted from stock. She is even inti-
midated or obstructed from going down certain isles because of the 
crowded conditions. She goes to the checkout counter with the items 
that she was able to get. 
This (shocking) tale helps to explain the diminishing metal con-
tents of water during higher flow conditions. The newly introduced 
influx of people is analogous to the influx of additional water that 
can come from direct runoff or from increase groundwater flow. The 
shopper's story pertains to the notion of duration of process. The 
effects of dilution are obvious; as water is added, concentrations will 
lessen. But because this additional water doesn't have the time to 
work it's processes of solution and extraction of metals from it's 
surroundings, the marginal amount of metal per each unit of water 
diminishes. 
The relationship between temperature and concentration of the 
group I and II metals, roughly indicates that as temperature rises, so 
' 
does concentration. This relationship is not so pronounced from examina-
tion of the temperature vs. concentration graphs, because of the high 
frequency of exceptions to the rule. From a chemistry stand point, the 
increase of temperature should be accompanied by an increase of chemi-
cal solution. The discrepancies expressed on the graphs, could be 
attributed to the involvement of other factors such as pH, discharge, 
plant life, hardness, etc. 
The real value of the temperature vs. concentration graphs is 
that they indicate that temperature doesn't play as large a role in 
determining metal concentration as does discharge. This is not to 
say that temperature has no effect; rather, it's effect is not drastic, 
and can be overshadowed by other factors. 
Heavy Metals - Cd, Mn, Zn 
Statistical examination of the metal concentration of Cd, Mn, 
and Zn reveal that Cd was found to range from .02 to .04 ppm; Zn 
ranged from .10 to .23 ppm; and Mn ranged from .5 to .13 ppm. 
These low concentrations seem to follow no pattern. The lack of 
pronounced variations among these metals, however, beckons the question -
Why do the respective concentrations of these metals remain approxi-
mately the same despite large variations in discharge. 
]'A..te. D1scho..r:9~ (c;. .,..~ 2.t'\ Cone. ~n Cone=. C.d &>he.. 
_ IO- \B 31i - l5 .. oi .,DJ./. 
l\- b 3q . f5 .o~ .D2 
•"-
l\-22 56 .. 15 • CJ(, .D L/ 
1~-5 3(5 , lb • CJ '7 .,()J./ 
}o1-,S 12eo .. ~o . 0 JI ,03 
The above data indicates that as the amount of flow is increased, 
the concentration seems to stay in step. 
The ability of the heavy metal concentrations to remain nearly 
constant, despite the increased dilution, accompanying higher dis-
charges, says something about the availability of metal source material. 
This source of metal ions should be responsive and sensitive to the 
increases and decreases in flow. With this idea in mind, a prime 
candidate for the source of the metals is the sediment bottom of the 
river. This is not to say that the sediment bottom wasn't derived from 
other sources (including man) throughout the drainage basin; rather 
the sediment river bottom is the source which reacts to compensate for 
higher discharge. 
The increased flow is the mechanism which regulates metal ion in-
volvement with the water. 
Webb (1972) compared Zn, Hy, Pb and Cu contents of paired water 
and sediment samples from 8 different locations along t1:1e Ottawa River 
near Li.ma, Ohio. His samples were also gathered. all on one day.. Wehb 
used two extracting agents in preparation for analysis. The first 
was ammonium acetate, which was used to extract those ions that would 
be readily available to the environment in a short amount of time. 
The second extracting agent was a HCI and H2so4 mixture which ex-
tracted those ions which might he available t,'J the environment ewer. 
longer periods of time and exposure. 
The results are listed on the following pages. 
These tests tndicate that the sediment bottom of a river is a 
source of substantial heavy metal reserves, capable of supplying metal 
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